Simple manual ventilation facilitates removal of intra-alveolar accumulations. High-frequency jet ventilation can be performed through a narrow lumen like that of a fibreoptic bronchoscope. Accordingly, we expected that high frequency jet ventilation through a fibreoptic bronchoscope channel would facilitate lung lavage, and we developed a new bronchoalveolar lavage system, in which high-frequency jet ventilation through the channel of a fibreoptic bronchoscope was combined with conventional bronchoalveolar lavage. We describe a case in which this new lavage system, unlike conventional bronchoalveolar lavage, successfully removed the lipid material in the alveoli associated with pulmonary alveolar proteinosis.
Intra-alveolar accumulations, including bronchial secretions, tenacious mucus plugging, and tracheobronchial casts, increase the alveolar-arterial PO 2 difference or induce atelectasis, resulting in severe hypoxaemia. To remove material filling the alveoli, humidification, chest physical therapy, positivepressure techniques, tracheal suction, and sometimes bronchoscopy are commonly used. In addition, bronchoalveolar lavage with a fibreoptic bronchoscope and whole lung lavage with double-lumen tube technique are employed for specific conditions such as pulmonary alveolar proteinosis, asthma, pneumoconiosis, and alveolar microlithiasis, which are characterized by accumulation of material in the alveoli 1 . However, the efficiency of bronchoalveolar lavage with a fibreoptic bronchoscope is lower than whole lung lavage with small-infused fluid volumes and a small suction channel [2] [3] [4] .
We present a case of severe pulmonary alveolar proteinosis in which whole lung lavage, the most effective treatment, was not possible, and multiple segmental bronchoalveolar lavage with a fibreoptic bronchoscope was ineffective. We developed a new bronchoalveolar lavage system in which simple manual ventilation facilitated removal of intra-alveolar accumulations 5 , and high-frequency jet ventilation (HFJV) was performed through the lumen of a fibreoptic bronchoscope channel. This new bronchoalveolar lavage system, in which HFJV through a fibreoptic bronchoscope channel was combined with conventional bronchoalveolar lavage, was successful in treating the severe pulmonary alveolar proteinosis in our case.
CASE HISTORY
A 36-year-old man (74 kg,178 cm) with dyspnoea, dry cough, and fever was diagnosed with severe pulmonary alveolar proteinosisby lung biopsy four days after admission to hospital. A chest CT scan ( Figure  1A ) showed severe interstitial markings. Despite positive pressure ventilation with 100% O 2 , his P a O 2 was only 87 mmHg. Since one-lung ventilation during his lung biopsy decreased his oxygen saturation to less 85% within minutes, one-lung ventilation associated with whole lung lavage would have induced dangerous hypoxaemia. Therefore, conventional sequential bilateral whole lung lavage using a doublelumen endotracheal tube under extracorporeal membrane oxygenation (ECMO) was advised 6, 7 . However, the possible complications of ECMO were unacceptable to the patient and his family. On day 5, conventional multiple segmental bronchoalveolar lavage with a fibreoptic bronchoscope was attempted. Each segment of the left upper lobe and the right upper lobe was repeatedly lavaged with 50 ml aliquots of saline. However, this procedure was ineffective. Effluent fluid did not clarify, and the procedure was discontinued. A total of 5 litres of saline was injected over the 2.5 hours of treatment.
To improve the efficiency of our lavage, we developed a new system in which HFJV through a fibreoptic bronchoscope channel was combined with conventional bronchoalveolar lavage ( Figure 2 ). To the biopsy port of a fibreoptic bronchoscope (BF Type P40, 4.9 mm in diameter at the distal end with a 2.0 mm diameter channel, Olympus, Tokyo, Japan), a catheter of a high-frequency jet ventilator (MERA® HFJV unit AJ-70U, Senko Medical Instrument Co., Ltd., Tokyo) and a catheter for the injection of saline were connected through a three-way stopcock. The three-way stopcock was switched as required. A suction tube was connected to the suction port of the bronchoscope.
This new system was tried on day 8. The patient was anaesthetized with a propofol infusion and intermittent fentanyl. Muscle relaxation was achieved with vecuronium. The tracheal tube had a 9.0 mm internal diameter and positive pressure ventilation with 100% oxygen was maintained. The tip of the bronchoscope was inserted through the endotracheal bronchoscopy adapter. The tip was initially wedged into the target segmental bronchus, and warmed saline 50 ml was injected and suctioned. Next, the saline (50 ml) was re-injected, the tip was retracted 1 to 2 cm, mechanical ventilation was stopped, the three-way stopcock was switched and HFJV was performed for one minute with direct vision of the target segmental bronchus. The rate was 2.5 Hz, the inspiratory/expiratory ratio 0.5, and the oxygen concentration 100%. The driving pressure was increased to 100 kPa until an airway pressure of 0.5 kPa was reached. After HFJV, positive pressure ventilation was resumed, the saline was suctioned, and the three-way stopcock position was returned. This procedure was repeated once or twice for each bronchial segment, until drainage fluid became almost clear. This procedure was successful in that the denser fluids were drained and became remarkably clear compared to the previous conventional bronchoalveolar lavage on day 5. A total of 10 litres of saline were lavaged. HFJV was performed 28 times and the total treatment time was approximately eight hours. During this procedure, the patient's oxygen saturation remained over 93%, and his blood pressure and heart rate were stable. There were no complications associated with the procedure, and he was extubated two days later. On day 19, a chest CT scan showed improvement of the interstitial markings ( Figure 1B) and he was discharged from the hospital. There has been no recurrence for one year.
DISCUSSION
Injection of a high-velocity pulse of gas into the airway through a narrow cannula is termed HFJV 8 . Because HFJV increases lung volume and recruitment of closed alveoli 9 , it appears that alveoli closed by lipid material are recruited, and the lipid material and saline injected into the alveoli are mixed by HFJV. This process might improve the therapeutic effect of bronchoalveolar lavage. In addition, HFJV with 100% oxygen might contribute to maintaining adequate oxygenation during the procedure. Mucosal injury and alveolar over-distension are known complications of HFJV 8 . Mucosal injury occurs when a high-pressure jet of gas is directed against the tracheal mucosa, causing submucosal dissection and even perforation of the wall. To avoid injury, our fibreoptic bronchoscope was retracted 1 to 2 cm from the segmental bronchus and HFJV was performed under direct vision. Insufficient space for gas escape can also result in alveolar over-distension. To allow the gas to escape between the internal lumen of the endotracheal tube and the fibreoptic bronchoscope, a larger endotracheal tube and narrower fibreoptic bronchoscope were used. In addition, the driving pressure was adjusted and the airway pressure was kept under 0.5 kPa.
Whole lung lavage is recognised as the most effective treatment to remove material filling the alveoli. However, hypoxaemia and rapid haemodynamic fluctuation are possible complications associated with the filling and the draining of large volumes of saline solution 6, 7 . On the other hand, the efficiency of bronchoalveolar lavage with a fibreoptic bronchoscope is lower than with whole lung lavage. With much smaller fluid volumes and a smaller suction channel, a much longer procedures is required to lavage all of bronchial segments [2] [3] [4] . Use of multiple segmental bronchoalveolar lavage with a fibreoptic bronchoscope is limited to confined pulmonary alveolar proteinosis. However, the risks of hypoxaemia and rapid haemodynamic fluctuation are significantly lower than whole lung lavage. In our case, multiple segmental bronchoalveolar lavage with a fibreoptic bronchoscope without HFJV was ineffective, so we tried the new bronchoalveolar lavage system and succeeded in treating the severe pulmonary alveolar proteinosis. Denser fluids were drained compared to the first procedure, and drainage fluids became remarkably clear. Although a long procedure (compared to whole lung lavage) was required to lavage all of the bronchial segments, efficacy was achieved without hypoxaemia or haemodynamic compromise. HFJV increased the amount of drained particulate material and improved the therapeutic effect.
The most appropriate setting of HFJV and the protocol of lavage are not established. Our case was an initial attempt, the setting of HFJV was a modification of that for laryngomicrosurgery in our hospital, and the washing protocol was a modification of that described previously 4 . Clearly, further study is required to determine if HFJV improves the therapeutic effect for multiple segmental bronchoalveolar lavage with a fibreoptic bronchoscope, and to establish the value of this combined technique. However, the results of this case suggest that the combination of HFJV and a fibreoptic bronchoscope might be useful in patients with persistent alveolar filling material.
